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LASER DIODES WITH AN ETCHED FACET
AND SURFACE TREATMENT

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(e) of U.S. Provisional Patent Application No. 61/695,276,
filed on Aug. 30, 2012, which is incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

In 1960, the laser was first demonstrated by Theodore H.
Maiman at Hughes Research Laboratories in Malibu. This
laser utilized a solid-state flashlamp-pumped synthetic ruby
crystal to produce red laser light at 694 nm. By 1964, blue and
green laser output was demonstrated by William Bridges at
Hughes Aircraft utilizing a gas laser design called an Argon
ion laser. The Ar-ion laser utilized a noble gas as the active
medium and produce laser light output in the UV, blue, and
green wavelengths including 351 nm, 454.6 nm, 457.9 nm,
465.8 nm, 476.5 nm, 488.0 nm, 496.5 nm, 501.7 nm, 514.5
nm, and 528.7 nm. The Ar-ion laser had the benefit of pro-
ducing highly directional and focusable light with a narrow
spectral output, but the wall plug efficiency was <0.1%, and
the size, weight, and cost of the lasers were undesirable as
well.

As laser technology evolved, more efficient lamp pumped
solid state laser designs were developed for the red and infra-
red wavelengths, but these technologies remained a challenge
for blue and green and blue lasers. As a result, lamp pumped
solid state lasers were developed in the infrared, and the
output wavelength was converted to the visible using spe-
cialty crystals with nonlinear optical properties. A green lamp
pumped solid state laser had 3 stages: electricity powers
lamp, lamp excites gain crystal which lases at 1064 nm, 1064
nm goes into frequency conversion crystal which converts to
visible 532 nm. The resulting green and blue lasers were
called “lamped pumped solid state lasers with second har-
monic generation” (LPSS with SHG) had wall plug efficiency
of ~1%, and were more efficient than Ar-ion gas lasers, but
were still too inefficient, large, expensive, fragile for broad
deployment outside of specialty scientific and medical appli-
cations. Additionally, the gain crystal used in the solid state
lasers typically had energy storage properties which made the
lasers difficult to modulate at high speeds which limited its
broader deployment.

To improve the efficiency of these visible lasers, high
power diode (or semiconductor) lasers were utilized. These
“diode pumped solid state lasers with SHG” (DPSS with
SHG) had 3 stages: electricity powers 808 nm diode laser, 808
nm excites gain crystal which lases at 1064 nm, 1064 nm goes
into frequency conversion crystal which converts to visible
532 nm. The DPSS laser technology extended the life and
improved the wall plug efficiency of the LPSS lasers to
5%-10%, and further commercialization ensue into more
high-end specialty industrial, medical, and scientific applica-
tions. However, the change to diode pumping increased the
system cost and required precise temperature controls, leav-
ing the laser with substantial size, power consumption while
not addressing the energy storage properties which made the
lasers difficult to modulate at high speeds.

As high power laser diodes evolved and new specialty SHG
crystals were developed, it became possible to directly con-
vert the output of the infrared diode laser to produce blue and
green laser light output. These “directly doubled diode lasers”
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2

or SHG diode lasers had 2 stages: electricity powers 1064 nm
semiconductor laser, 1064 nm goes into frequency conver-
sion crystal, which converts to visible 532 nm green light.
These lasers designs are meant to improve the efficiency, cost
and size compared to DPSS-SHG lasers, but the specialty
diodes and crystals required make this challenging today.
Additionally, while the diode-SHG lasers have the benefit of
being directly modulate-able, they suffer from severe sensi-
tivity to temperature, which limits their application.

BRIEF SUMMARY OF THE INVENTION

The present invention relates generally to optical tech-
niques. More specifically, the present invention provides a
method and device using gallium and nitrogen containing
substrates for optical applications. In a specific embodiment,
the present invention provides a laser diode device. The
device includes a gallium and nitrogen containing substrate,
which has a surface region. The device has an n-type cladding
region overlying the surface region and an active region com-
prising at least one active layer region overlying the n-type
cladding region. The active region comprises a quantum well
region or a double hetero-structure region. The device has a
p-type cladding region overlying the active region and a laser
stripe region formed overlying a portion of the surface region
of the substrate. The device has a first end configured on one
side of the laser stripe region and a second end configured on
another side of the laser stripe. The device has a first etched
facet provided on the first end of the laser stripe region, and a
second facet formed on the second end of the laser stripe
region. The device has a laser stripe length characterizing a
stripe spatial distance between the first etched facet and the
second facet. The device has a first edge region configured
within a vicinity of the first facet and a second edge region
configured within a vicinity of the second facet. The first edge
region is characterized by a portion of a thickness of the
substrate. The device has a primary emission surface formed
from the first etched facet. The device has a first spatial off-set
provided between the first edge region and first etched facet,
and the first spatial off-set is configured in a direction normal
to a surface of the first etched facet. The device has a first
treatment provided overlying a portion of the first edge
region. The first treatment is configured to interact with elec-
tromagnetic radiation provided within an internal region of
the substrate.

In an alternative specific embodiment, the present inven-
tion provides a method for manufacturing a laser diode
device. The method includes providing a gallium and nitro-
gen containing substrate comprising a surface region. The
method includes forming an n-type cladding region overlying
the surface region and forming an active region comprising at
least one active layer region overlying the n-type cladding
region. The active region comprises a quantum well region or
a double hetero-structure region. The method includes form-
ing a p-type cladding region overlying the active region and
forming, using an etching process, a laser stripe region
formed overlying a portion of the surface region of the sub-
strate. The laser stripe region comprises a first end configured
on one side of the laser stripe region and a second end con-
figured on another side of the laser stripe, a first etched facet
provided on the first end of the laser stripe region, and a
second facet formed on the second end of the laser stripe
region, a laser stripe length characterizing a stripe spatial
distance between the first etched facet and the second facet.
The method includes forming a first edge region configured
within a vicinity of the first facet such that a first spatial off-set
provided between the first edge region and first etched facet,
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and the first spatial off-set is configured in a direction normal
to a surface of the first etched facet. The method includes
forming a second edge region configured within a vicinity of
the second facet and performing a first treatment process
overlying a portion of the first edge region.

In certain aspects of the present disclosure, laser diode
devices are provided comprising: gallium and nitrogen con-
taining substrate, the substrate comprising a surface region;
an n-type cladding region overlying the surface region; an
active region comprising at least one active layer region over-
lying the n-type cladding region, the active region comprising
a quantum well region or a double hetero-structure region; a
p-type cladding region overlying the active region; a laser
stripe region formed overlying a portion of the surface region
of' the substrate; a first end configured on one side of the laser
stripe region and a second end configured on another side of
the laser stripe region; a first etched facet provided on the first
end ofthe laser stripe region, and a second facet formed on the
second end of the laser stripe region; a laser stripe length
characterizing a stripe spatial distance between the first
etched facet and the second facet; a first edge region config-
ured within a vicinity of the first etched facet and a second
edge region configured within a vicinity of the second facet,
the first edge region characterized by a portion of a thickness
of the substrate; a primary emission surface formed from the
first etched facet; a first spatial off-set provided between the
first edge region and first etched facet, wherein the first spatial
off-set is configured in a direction normal to the first etched
facet; and a first treatment provided overlying a portion of the
first edge region, the first treatment being configured to inter-
act with electromagnetic radiation provided within an inter-
nal region of the substrate.

In certain aspects of the present disclosure, laser diode
devices are provided comprising: a gallium and nitrogen con-
taining substrate, the substrate comprising a surface region;
the gallium and nitrogen containing surface region character-
ized by a nonpolar or semipolar orientation; an n-type clad-
ding region overlying the surface region; an active region
comprising at least one active layer region overlying the
n-type cladding region, the active region comprising a quan-
tum well region or a double hetero-structure region; a p-type
cladding region overlying the active region; a laser stripe
region formed overlying a portion of the surface region of the
substrate; a first end configured on one side of the laser stripe
region and a second end configured on another side of the
laser stripe; a first etched facet provided on the first end of the
laser stripe region, and a second facet formed on the second
end of the laser stripe region; a laser stripe length character-
izing a stripe spatial distance between the first etched facet
and the second facet; a first edge region configured within a
vicinity of the first facet and a second edge region configured
within a vicinity of the second facet, the first edge region
characterized by a portion of a thickness of the substrate; a
primary emission surface formed from the first etched facet;
a first spatial off-set provided between the first edge region
and first etched facet, the first spatial off-set configured in a
direction normal to a surface of the first etched facet; and a
first treatment provided overlying a portion of the first edge
region, the first treatment being configured to interact with
electromagnetic radiation provided within an internal region
of'the substrate; wherein the laser diode device is operable at
a wavelength range of about 425 nanometers to about 485
nanometers or at a wavelength range from about 500 nanom-
eters to about 550 nanometers.

In certain aspects of the present disclosure, methods for
manufacturing laser diode devices are disclosed, the methods
comprising: providing a gallium and nitrogen containing sub-
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strate, the substrate comprising a surface region; forming an
n-type cladding region overlying the surface region; forming
an active region comprising at least one active layer region
overlying the n-type cladding region, the active region com-
prising a quantum well region or a double hetero-structure
region; forming a p-type cladding region overlying the active
region; forming, using an etching process, a laser stripe
region formed overlying a portion of the surface region of the
substrate, the laser stripe region comprising a first end con-
figured on one side of the laser stripe region and a second end
configured on another side of the laser stripe, a first etched
facet provided on the first end of the laser stripe region, and a
second facet formed on the second end of the laser stripe
region, a laser stripe length characterizing a stripe spatial
distance between the first etched facet and the second facet;
forming a first edge region configured within a vicinity of the
first etched facet such that a first spatial off-set provided
between the first edge region and first etched facet, and the
first spatial off-set is configured in a direction normal to a
surface of the first etched facet; forming a second edge region
configured within a vicinity of the second facet; and perform-
ing a first treatment process overlying a portion of the first
edge region.

The present invention achieves these benefits and others in
the context of known process technology. However, a further
understanding of the nature and advantages of the present
invention may be realized by reference to the latter portions of
the specification and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawings will be provided upon
request and payment of the necessary fee.

FIG. 1 shows a schematic diagram of a laser diode cavity
formed on a nonpolar or semipolar gallium containing sub-
strate.

FIG. 2 is a schematic illustration of how a laser wafer that
has been processed is subsequently separated into laser bars.

FIGS. 3A and 3B provide example images of cleaved fac-
ets for laser diodes fabricated on a semipolar (20-21) plane
with c-projected laser stripes.

FIG. 4 is a simplified side-view schematic of a laser diode
with cleaved facet mirrors illustrating the continuous nature
of the surface that emits the primary emission and protrudes
through the substrate.

FIGS. 5A-5F show near field images from cleaved facet
nonpolar/semipolar laser diodes with Al-free cladding layers
where the images are obtained by focusing the laser diodes
onto a CCD camera.

FIGS. 6A-6F present far field images from cleaved facet
nonpolar/semipolar laser diodes with Al-free clad layers
where the red traces represent the beam in the epitaxy direc-
tion and blue trace represents the beam perpendicular to the
epitaxy direction.

FIG. 7 shows an example image of etched facet technology
disclosed in the literature.

FIG. 8 shows a simplified side-view schematic of a laser
diode using etched facet mirrors.

FIG. 9 shows a simplified side-view schematic of a laser
diode with etched facet mirrors where a treatment is applied
to the surface defining the edge of the chip below the point of
emission.

FIG. 10 shows a simplified side-view schematic of an
alternative embodiment of a laser diode with etched facet
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mirrors and a treatment layer applied to the surface defining
the edge of the chip below the point of emission.

FIG. 11 shows a simplified side-view schematic of yet
another alternative embodiment of a laser diode with etched
facet mirrors and a treatment layer applied to the surface
defining the edge of the chip below the point of emission.

FIG. 12A, FIG. 12B, FIG. 13A, and FIG. 13B present
empirical data demonstrating the benefits of a laser surface
treatment applied during the bar singulation step in etched
facet lasers compared to that of a conventional cleaved facet
laser.

FIG. 14 outlines an example process flow for certain
embodiments of the present disclosure for treating a substrate
surface of etched facet laser diodes to improve the beam
quality.

FIG. 15 outlines an example process flow for an alternative
embodiment that more specifically employs a laser scribing
technique to both treat the edge region of the substrate and
singulate the laser bars.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates generally to optical tech-
niques. More specifically, the present invention provides a
method and device using gallium and nitrogen containing
substrates for optical applications.

FIG. 1 shows a schematic diagram of a laser diode cavity
formed on a nonpolar or semipolar gallium containing sub-
strate. In this configuration the cavity is substantially aligned
in the c-direction or the projection of the c-direction. In such
in-plane ridge type laser diodes the optical output from the
chip is emitted through a facet region near or at the edge of the
chip. This facet will be defined by the edge of the chip for a
cleaved facet configuration, but can be offset from the edge of
the chip for an etched facet configuration. Since FIGS. 3A and
3B depict the facet at the edge of the chip, this figure more
accurately represents a cleaved facet. FIG. 1 also shows a
schematic diagram of a laser diode stripe formed on a non-
polar or semipolar crystal orientation. The laser is aligned in
the c-direction or in the projection of the c-direction and has
cleaved or etched facets at the ends of the cavity.

FIG. 2 is a schematic illustration of how a laser wafer that
has been processed is subsequently separated into laser bars.
In conventional processes the separation happens through a
scribing and breaking process. The scribing can be induced
with laser scribing, diamond scribing, or other scribing tech-
niques. After scribing, the wafer is subjected to a carefully
positioned and controlled force, which induces the cleavage.
This process step is called the “breaking” step since the wafer
material will be broken into 2 or more parts. In cleaved facet
lasers the resulting cleaved surfaces form the mirror facets at
the ends of the cavity to provide feedback into the cavity. F1G.
2 also shows a schematic illustration of how a processed
wafer is separated into laser bars. In conventional processes
the separation happens through a scribing and breaking pro-
cess. For cleaved facet lasers the resulting cleaved surface
forms the mirror facets at the ends of the cavity. FIGS. 3A and
3B provide example images of actual cleaved facets for laser
diodes fabricated on (20-21) with c-projected laser stripes. As
seen in the images, the cleaved face forms a continuous sur-
face from the top of the wafer to the bottom of the wafer such
that the same surface that emission originates from is the
same surface that protrudes through the substrate. FIGS. 3A
and 3B show example images of cleaved facets for laser
diodes fabricated on (20-21) with c-projected laser stripes. As
seen in the images, the cleaved face forms a continuous sur-
face from the top of the wafer to the bottom of the wafer. FIG.
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4 is a simplified side-view schematic of a laser diode with
cleaved facet mirrors illustrating the continuous nature of the
surface that emits the primary emission and protrudes
through the substrate. In laser devices that contain cladding
layers that are not sufficient to keep a substantial amount of
spontaneous and other stray light from entering the substrate
the continuous nature of this cleaved surface can lead to
difficulties in mitigating the stray substrate light and achiev-
ing a clean emission pattern. This anomalies and imperfec-
tions in the emission patterns result from stray light interfer-
ing with itself and the primary emission to create large
amounts of light outside the primary waveguide and ripple
patterns in the intensity. FIG. 4 also shows a simplified side-
view schematic ofa laser diode with cleaved facet mirrors and
cladding layers that are not sufficient to keep a substantial
amount of stray light from residing in the substrate. As seen in
the figure, the primary laser emission is contained in a beam
concentrated in the laser waveguide and active layers emerg-
ing from the laser facet. However, due to the substantial
amount of light in the substrate there is an undesirable amount
of light emitting from below the active region in the substrate.
The continuous surface that forms both the surface that the
primary emission is incident from and the edge of chip, miti-
gating this light is very difficult. This substrate light leads to
noisy emission patterns due to optical interference and stray
light.

To illustrate the non-ideal beam qualities resulting from
insufficient cladding layers in cleaved facet lasers, FIGS.
5A-5F presents near field images from cleaved facet nonpo-
lar/semipolar laser diode with Al-free cladding layers taken
by focusing the laser onto a CCD camera. As can be seen, in
these laser devices there is a substantial amount of light in the
substrate compared to in the primary waveguide. More pre-
cisely, about 15.7% of the light is emitted from the substrate
on average for these devices. This substrate light leads to
non-optimal light output characteristics and noisy far field
patterns and is therefore undesirable. The intensity plots are
onlog scale. The measured power in the substrate as a fraction
of the total output power is shown in white. The periodic
bright spots are an artifact of saturation of the CCD. FIGS.
5A-5F also show near field images from cleaved facet non-
polar/semipolar laser diode with Al-free cladding layers
taken by focusing the laser onto a CCD camera. As can be
seen, in these laser devices there is a substantial amount of
light in the substrate compared to in the primary waveguide.
More precisely, about 15.7% of the light is emitted from the
substrate on average for these devices. This substrate light
leads to non optimal light output characteristics and noisy
farfield patterns and is therefore undesirable. The intensity
plots are on log scale. The measured power in the substrate as
a fraction of the total output power is shown in white. The
periodic bright spots are an artifact of saturation of the CCD.
FIGS. 6A-6F present far field images from cleaved facet
nonpolar/semipolar laser diodes with Al-free clad layers
where the solid lines represent the beam in the epitaxy direc-
tion and dotted lines represents the beam perpendicular to the
epitaxy direction. The strong interference fringes result from
the substrate light and leads to noisy far field patterns with
peaks to the left and right of the beam along with interference
fringes. Such anomalies in the optical emission are non-ideal
as they make it more challenging to efficiently couple all the
light through external optics or generally to collect all of the
light emitted from the laser device. FIGS. 6 A-6F also present
far field images from cleaved facet nonpolar/semipolar laser
diodes with Al-free clad layers where the solid lines represent
the beam in the epi direction and the dotted lines represent the
beam perpendicular to the epi direction. Interference results
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from the substrate light and leads to the noisy far field patterns
with peaks to the left and right of the beam along with inter-
ference fringes.

The above discussion addresses the detrimental effects of
spontaneous or other stray light that leaks to the substrate and
causes anomalies and non-idealities in the laser diode emis-
sion characteristic. The stray light or substrate light becomes
more of an issue in laser diodes where the cladding region
does not provide enough index contrast to sufficiently confine
all the emitted light to the waveguide region. Such insufficient
cladding regions could exist in conventional c-plane laser
diodes with Al-containing laser diodes, in nonpolar or semi-
polar laser with Al-containing cladding regions, or in nonpo-
lar or semipolar laser diodes with substantially Al-free clad-
ding regions. Here we propose an alternative and very
practical method using etched facet laser diodes. The inven-
tion disclosed here provides a means to improve the optical
beam quality within laser diodes by employing etched facets
for mirrors and a surface treatment step.

Etched facets provide an alternative means to cleaved fac-
ets for mirror formation in laser diodes. Etched facets are
typically lithographically defined using contact or stepper
lithography and a hard mask such as silicon dioxide, silicon
nitride or other, or a photoresist soft mask for the etching step.
The etching step can be performed using various techniques
such as inductively coupled plasma (ICP) etching, reactive
ion etching (RIE), chemical assisted ion beam etching
(CAIBE), wet etching, or other. Etched facets can provide for
many potential benefits over cleaved facets such as increased
yield, improved performance, or increased design flexibility
in a laser diode through such means as integrating total inter-
nal reflector mirrors.

FIG. 7 presents an example image of etched facet technol-
ogy taken from the literature. Such etched facets can be used
to form laser mirrors on GaN-based laser diodes including
nonpolar and semipolar oriented lasers. As seen in the figure,
a key difference between a cleaved facet and an etched facet
is that the etched facet does not form a continuous surface
including both the primary laser emission region and the edge
of'the chip region. Rather, in conventional etched facet lasers
the primary laser emission region at the active and waveguide
layers is offset from the surface protruding through the sub-
strate and forming the edge of the chip. Since these surfaces
are separated and formed at different times, this surface dis-
continuity can be exploited to mitigate substrate light and
improved the beam quality in nonpolar or semipolar laser
diode. FIG. 7 also shows an example image taken from the
literature of etched facet technology that can be used to form
laser mirrors on nonpolar and semipolar GaN. As seen in the
figure, the etched facet does not form a continuous surface
with the edge of the chip. This discontinuity can be exploited
to mitigate substrate light and improved the beam quality in
nonpolar or semipolar laser diode.

FIG. 8 shows a simplified side-view schematic of a laser
diode using etched facet mirrors. As shown in FIG. 8, the
etched facet surface that the primary emission is emitted from
is a different surface than the surface defining the edge of the
chip resulting from the bar singulation process and protruding
through the substrate. Since these edge regions are discon-
tinuous and are formed at different times in the laser process,
surface modification steps can be included to manage or alter
the stray light in the substrate and hence improve the optical
beam quality of the laser diode. Aggressive surface tech-
niques can be applied to the second surface defining the edge
of the laser chip without compromising the quality of the
etched facet surface, which is critical for the laser perfor-
mance. This surface treatment can reflect, scatter, and/or
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absorb the stray light in the substrate so as to suppress the
magnitude of emission of the stray light and hence improved
the laser output quality. Etched facet laser diodes that do not
possess sufficient claddings to keep stray light out of the
substrate will have substantially more desirable emission pat-
tern with this treatment layer. FIG. 8 also shows a simplified
side-view schematic of a laser diode with etched facet mir-
rors. As seen in the figure, the etched facet mirror surface
region where the primary emission emerges from is a differ-
ent surface region from the surface region resulting from the
bar singulation process protruding through the substrate that
defines the edge of the chip. Since these surface regions are
discontinuous treatments can be easily applied to the sub-
strate surface.

In this invention we apply a surface treatment step to at
least one surface comprising the edge of the laser diode chip,
which is not the same surface that the laser emission is inci-
dent from. FIG. 9 shows a simplified side-view schematic of
a laser diode with etched facet mirrors where a treatment is
applied to the surface defining the edge of the chip below the
point of emission. This treatment can reflect, scatter, and/or
absorb the stray light in the substrate so as to suppress the
magnitude of emission of the stray light and hence improved
the laser output quality. Etched facet laser diodes that do not
possess sufficient claddings to keep stray light out of the
substrate will have more desirable emission pattern with this
treatment. F1G. 9 also shows a simplified side-view schematic
of a laser diode with etched facet mirrors. A treatment is
applied to the surface defining the edge of the chip below the
point of emission. This treatment can reflect, scatter, and/or
absorb the stray light in the substrate so as to suppress the
magnitude of emission of the stray light and hence improved
the laser output quality. Etched facet laser diodes that do not
possess sufficient claddings to keep stray light out of the
substrate will have more desirable emission pattern with this
treatment.

FIG. 10 shows a simplified side-view schematic of an
alternative embodiment of a laser diode with etched facet
mirrors and a treatment layer applied to the surface defining
the edge of the chip below the point of emission. In this
embodiment a third edge region is formed in the fabrication
process such that there are now two surfaces below the etched
facet edge region. This third edge region may or may not be
subjected to a treatment step. This embodiments illustrates
that there may be other surface configurations where more
than one edge region beyond the etched facet edge region will
be present. This invention includes all surface configurations
with a treatment step. FIG. 10 shows simplified side-view
schematic of a laser diode with etched facet mirrors and a
treatment layer applied to the surface defining the edge of'the
chip below the point of emission. This figure depicts an alter-
native embodiment to that in FIG. 11 since there is a third
surface region such that there are now two surfaces below the
etched facet surface region. This third surface region may or
may not be subjected to a treatment step.

FIG. 11 shows a simplified side-view schematic of another
alternative embodiment of a laser diode with etched facet
mirrors and a treatment layer applied to the surface defining
the edge of the chip below the point of emission. In this
embodiment the surface treatment region does not cover the
entire edge region defining the edge of the chip. Instead the
treatment only partially covers the surface. It is not necessary
to cover the entire edge region to achieve benefits from the
surface treatment region. This embodiment illustrates that
there may be other surface treatment configurations where the
amount of surface treatment coverage or geometry region will
be modified or altered. This invention includes all such sur-
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face configurations with a treatment step. FIG. 11 also shows
a simplified side-view schematic of a laser diode with etched
facet mirrors and a treatment layer applied to the surface
defining the edge of the chop below the point of emission.
This figure depicts an alternative embodiment to that in FIG.
12 since the surface treatment region does not cover the entire
surface region. It is not necessary to cover the entire surface
region to achieve benefits from the surface treatment region.

There are many methods that could be employed to achieve
the surface treatment. In a preferred method, the surface
treatment process would expose the surface to a laser treat-
ment, where the laser beam modifies the surface in various
ways. The laser treatment step would modify the surface by
inducing roughness and generating redeposition of laser slag
material on the surface. Such roughness would lead to light
scattering and such a gallium rich slag material would be
absorbing to the light. Therefore, a laser technique could be
used modify the surface to absorb and/or scatter the substrate
light, hence reducing the emission intensity of the light in the
same direction of the beam and therefore improve the light
emission characteristic.

Various types of laser apparatus exist and various tech-
niques could be applied to optimize and modify this laser
treatment step. For example, laser scribing devices apparatus
operating in a wavelength of about 270 nm to 370 nm may be
used. In a preferred embodiment, the method uses a UV (355
nm) laser to form the treatment step. In a specific embodi-
ment, the laser is configured on a system, which allows for the
control of the power and speed of the laser treatment enabling
accurate depth and optimized surface characteristics from the
laser surface treatment technique. For example, the laser sur-
face treatment technique could be used to cut through the
substrate material and separate the processed laser wafer into
laser bars. In this embodiment the laser technique used to
improve the beam quality would also function to separate the
laser bars from the wafer. That is, after the laser top and
bottom side processing is complete and the etched facet mir-
rors are formed, the lasers are separated into bars using a laser
scribing technique. The laser scribing would be applied to the
top or preferably the bottom of the substrate and would par-
tially or fully penetrate through the substrate. The laser may
possibly penetrate through other epitaxial layers in the vicin-
ity of the substrate. The laser scribing would induce rough-
ness and/or re-deposition on at least one surface defining the
edge of the chip and therefore modify the light emission
characteristic from the substrate in a favorable way by absorb-
ing the light or by scattering the light.

FIGS. 12A, 12B, 13A, and 13B present empirical data
demonstrating the benefits of a laser surface treatment
applied during the bar singulation step in etched facet lasers
compared to that of a conventional cleaved facet laser. FIG.
12A shows the end on view of a conventional cleaved facet
laser with arrows pointing to locations on the front surface
depicting the laser scribed regions and the broken regions.
FIG. 12B shows near-field imaging of the cleaved facet laser
diode operating above threshold. As can be seen in FIG. 12B
the stray light in the substrate comprises 17.8% of the total
emitted light. This substantial amount of stray substrate light
will result in interference fringes in the beam along with other
imperfections. FIG. 12A shows the end on view of a conven-
tional cleaved facet laser with arrows pointing to locations on
the front surface depicting the laser scribed regions and the
broken regions. This laser uses a top side skip and scribe
technique to form an optimal facet region to result in desirable
laser performance. FIG. 12B shows near-field imaging of the
optical output from the cleaved facet laser diode operating
above threshold. As can be seen in FIG. 12B the stray light in
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the substrate comprises 17.8% of the total emitted light. This
substantial amount of stray substrate light will result in inter-
ference fringes in the laser output beam along with other
imperfections. FIGS. 12A and 12B also show end on views of
conventional cleaved facet lasers where FIG. 12A shows an
optical micrograph illustrating scribe region ad broken region
and FIG. 12B shows near-filed intensity profile of operating
laser diode with 17.8% of'the total emitted light contained in
the substrate. To demonstrate the benefits of this invention
FIG. 13A shows the end on view of an etched facet laser with
a laser treated substrate surface from the bar singulation pro-
cess with arrows depicting the laser scribed regions and the
broken regions. In this embodiment of the invention a con-
tinuous laser scribe treatment is applied from the bottom of
the substrate and penetrates about 30-35 pm through the ~70
um substrate such that nearly half the edge region was sub-
jected to the laser treatment. The drastic benefits of this laser
treatment can be seen in FIG. 13B which presents near-field
imaging of the optical output from the etched facet laser diode
operating above threshold. As can be seen from this figure the
stray light in the substrate comprises only 4.1% of the total
emitted light. This represents a greater than 75% reduction in
stray light over the conventionally cleaved facet laser diode
and will provide a cleaner laser output beam with less stray
light. Of course, this demonstration is merely an example of
the benefits of laser treatment step to improve the beam qual-
ity. This demonstration is highly unoptimized. For example,
the laser treatment could have covered 75% or up to 100% of
the front surface and hence reduced the stray substrate light to
less than 1% of the total light. FIGS. 13A and 13B also show
an end on view of etched fact laser with bottom side laser
treatment where FIG. 13A shows optical micrograph illus-
trating scribe region and broken region and FIG. 13B shows
near-field intensity profile of operating laser diode with only
4.1% of the total emitted light contained in the substrate,
which is greater than a 75% reduction over the cleaved facet.

An alternative to this embodiment where the bar singula-
tion or separation step is used to induce surface modification
for improved beam quality would include diamond scribing.
By using a diamond or other hard material to form a scribe on
this surface, the surface would become rough and therefore
modify the light emission from the substrate. It is to be appre-
ciated that surface treatment can also be formed by using
cutting tools (cutting wheel), dry etching, wet etching, dia-
mond scribing, etc.

In an alternative embodiment the surface treatment is com-
prised of a metal coating functioning to absorb and reflect the
light in the substrate. Such a metal coating could be applied to
the edge region by several deposition techniques including
electron beam deposition, sputtering deposition, thermal
evaporation, or others. Examples of metals would be gold,
titanium, platinum, nickel, palladium, aluminum, or others.

In yet an alternative embodiments the surface treatment is
comprised of a dielectric coating functioning to reflect the
light in the substrate and prevent it from emitting out of the
substrate on the same side of the chip as the primary emission.
Such a dielectric coating could be applied to the edge region
by several deposition techniques including plasma enhanced
chemical vapor deposition, electron beam deposition, sput-
tering deposition, thermal evaporation, or others. Examples
of dielectrics would be silicon oxide, silicon nitride, alumi-
num oxide, titania, hafnia, tantalum pentoxide, zirconia, or
others.

In an alternative embodiment a laser scribing or etching
technique on the backside of the wafer to create a trench
region in the substrate. The trench region is then coated with
one or more metal layers and/or one or more dielectric layers.
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After coating the trench region the wafer would then be
broken into laser bars such that the ends of the laser bars
would be defined by the sidewalls of the trench region with
the metal and/or dielectric coating regions. As a result the
stray substrate light would be reflected or absorbed by the
coating regions.

FIG. 14 outlines an example process flow for one embodi-
ment of this invention for treating the substrate surface in
etched facet laser diodes to improve the beam quality. FIG. 15
outlines an example process flow for an alternative embodi-
ment that more specifically employs a laser scribing tech-
nique to both treat the edge region of the substrate and sin-
gulate the laser bars.

It is to be appreciated that the process of forming trench
structures can be convenient integrated into manufacturing
process of laser devices. A method of processing a laser
device according to one or more embodiments may be outline
as follows:

1. Start;

2. Provide a gallium and nitrogen substrate in a reaction

chamber;

3. Deposit layers including n-cladding, active layers,
p-cladding layers;

4. Remove wafer from reaction chamber;

5. Perform processing on wafer to form at least laser stripe
regions, etched facet regions, and p-contacts. The etched
facets form a first edge region;

. Thin substrate from backside (optional);

. Form backside n-contact;

. Subject wafer to bar singulation process resulting in a
plurality of laser bars and forming a second edge region
that is a different edge region from the first etched facet
edge region;

9. Subject second edge region to a treatment to modify the
second edge region to absorb, reflect, or scatter substrate
light;

10. Perform other steps as desired;

11. Singulate bar structures into individual dies having
laser device; and

12. Perform other steps as desired.

Another method of processing a laser device according to
one or more embodiments may be outline as follows:

1. Start;

2. Provide a gallium and nitrogen substrate in a reaction

chamber;

3. Deposit layers including n-cladding, active layers,
p-cladding layers;

4. Remove wafer from reaction chamber;

5. Perform processing on wafer to form at least laser stripe
regions, etched facet regions, and p-contacts. The etched
facets form a first edge region;

6. Thin substrate from backside (optional);

. Form backside n-contact;

. Subject wafer to bar singulation process resulting in a
plurality of laser bars using a laser scribing process. A
second edge region formed with the singulation process
that is a different edge region from the first etched facet
edge region. The laser scribing process modifies this
second edge region to absorb, reflect, or scatter substrate
light;

9. Perform other steps as desired;

10. Singulate bar structures into individual dies having
laser device; and

11. Perform other steps as desired.

As used herein, the term GaN substrate is associated with
Group Ill-nitride based materials including GaN, InGaN,
AlGaN, or other Group I1I containing alloys or compositions
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that are used as starting materials. Such starting materials
include polar GaN substrates (i.e., substrate where the largest
area surface is nominally an (h k 1) plane wherein h=k=0, and
1is non-zero), non-polar GaN substrates (i.e., substrate mate-
rial where the largest area surface is oriented at an angle
ranging from about 80-100 degrees from the polar orientation
described above towards an (h k 1) plane wherein 1=0, and at
least one of'h and k is non-zero) or semi-polar GaN substrates
(i.e., substrate material where the largest area surface is ori-
ented at an angle ranging from about +0.1 to 80 degrees or
110-179.9 degrees from the polar orientation described above
towards an (h k1) plane wherein 1=0, and at least one ot h and
k is non-zero).

In an example, the present device can be enclosed in a
suitable package. Such package can include those such as in
TO-38 and TO-56 headers. Other suitable package designs
and methods can also exist, such as TO-9 or flat packs where
fiber optic coupling is required and even non-standard pack-
aging. In a specific embodiment, the present device can be
implemented in a co-packaging configuration such as those
described in U.S. Provisional Application No. 61/347,800,
commonly assigned, and incorporated by reference for all
purposes.

In other embodiments, the present laser device can be
configured in a variety of applications. Such applications
include laser displays, metrology, communications, health
care and surgery, information technology, and others. As an
example, the present laser device can be provided in a laser
display such as those described in U.S. application Ser. No.
12/789,303 filed on May 27, 2010, which claims priority to
U.S. Provisional Application Nos. 61/182,105 filed on May
29, 2009, and 61/182,106 filed on May 29, 2009, each of
which is incorporated by reference herein.

While the above is a full description of the specific embodi-
ments, various modifications, alternative constructions and
equivalents may be used. As an example, the packaged device
can include any combination of elements described above, as
well as outside of the present specification. As used herein,
the term “substrate” can mean the bulk substrate or can
include overlying growth structures such as a gallium and
nitrogen containing epitaxial region, or functional regions
such as n-type GaN, combinations, and the like. Although the
embodiments above have been described in terms of a laser
diode, the methods and device structures can also be applied
to any light emitting diode device. Therefore, the above
description and illustrations should not be taken as limiting
the scope of the present invention which is defined by the
appended claims.

What is claimed is:

1. A laser diode device comprising:

a substrate having a gallium- and nitrogen-containing sur-
face, the substrate comprising a surface region and at
least a first edge region; and

alaser stripe overlying a portion of the surface region of the
substrate, the laser stripe characterized by a length in a
length direction, a first end, and a second, opposite end,
the length direction being substantially orthogonal to the
first edge region of the substrate, the laser stripe com-
prising:
an n-type cladding region overlying the surface region of

the substrate;
an active region overlying the n-type cladding region,
the active region comprising a quantum well structure
or a double hetero-structure; and
a p-type cladding region overlying the active region;
wherein the first end of the laser stripe comprises a first
etched facet, and the second end of the laser stripe com-
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prises a second etched facet, the first etched facet having
a primary emission surface, the first etched facet being
substantially parallel to and recessed from the first edge
region of the substrate in the length direction, the first
etched facet including a first portion of the n-type clad-
ding region, and the first edge region including a second
portion of the n-type cladding region;

wherein the laser stripe is operable to emit electromagnetic

radiation in a wavelength range selected from a first
range from about 400 nm to about 435 nm, a second
range from about 435 nm to about 480 nm, a third range
from about 480 nm to about 505 nm, and a fourth range
from about 505 nm to about 550 nm, and wherein the
first edge region of the substrate comprises a first sur-
face-treated region configured to interact with the elec-
tromagnetic radiation emitted by the laser stripe and
propagating in the substrate.

2. The laser diode device of claim 1, wherein the first
surface-treated region comprises one of a reflector, an
absorber, or a scatterer, and wherein the first etched facet of
the laser stripe is recessed from the first edge region of the
substrate by a length ranging from about 0.5 um to about 100
pm.
3. The laser diode device of claim 1, wherein the substrate
comprises a second edge region opposite to the first edge
region, the second edge region comprising a second surface-
treated region, and the second etched facet of the laser stripe
is substantially parallel to and recessed from the second edge
region of the substrate in the length direction by a length
ranging from about 0.5 pm to about 100 um.

4. The laser diode device of claim 1, wherein the first edge
region is formed by a scribing-and-breaking process or a
cleaving process.

5. The laser diode device of claim 1, wherein the n-type
cladding region is substantially free from aluminum species.

6. The laser diode device of claim 1, wherein the p-type
cladding region is substantially free from aluminum species.

7. The laser diode device of claim 1, wherein the first
surface-treated region is formed by laser scribing.

8. The laser diode device of claim 1, wherein the surface
region of the substrate is characterized by a nonpolar m-plane
orientation or an offcut of the non-polar m-plane orientation,
wherein the offcut of the nonpolar m-plane orientation is
between -5 degrees and +5 degrees toward a c-plane or
between -10 degrees and +10 degrees toward an a-plane.

9. The laser diode device of claim 1, wherein the surface
region of the substrate is characterized by a semipolar plane
orientation selected from a (30-3-1) plane, a (30-31) plane, a
(20-2-1) plane, a (20-21) plane, a (30-3-2) plane, and a (30-
32) plane, or an offcut of the semipolar plane orientation,
wherein the offcut of the semipolar plane orientation is
between -5 degrees and +5 degrees toward a c-plane or
between -10 degrees and +10 degrees toward an a-plane.

10. The laser diode device of claim 1, wherein the surface
region is characterized by a polar c-plane orientation or an
offcut of the polar c-plane orientation.

11. The laser diode device of claim 1, wherein the first
surface-treated region is formed by a bar singulation process
using a laser apparatus operable at a wavelength ranging from
about 270 nm to about 370 nm.

12. The laser diode device of claim 1, wherein the first
surface-treated region is formed by metal deposition or
dielectric deposition.

13. The laser diode device of claim 1, wherein the first
etched facet is formed by a dry etching process.

14. The laser diode device of claim 1, wherein the first
surface-treated region is operable to interact with the electro-
magnetic radiation propagating in the substrate so as to mini-
mize an intensity of the electromagnetic radiation emitted
from the first edge region.
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15. The laser diode device of claim 1, wherein the first
surface-treated region includes the second portion of the
n-type cladding region.

16. The laser diode device of claim 1, wherein the surface-
treated region includes the entire first edge region of the
substrate.

17. A laser diode device comprising:

a substrate having a gallium- and nitrogen-containing sur-
face, the substrate comprising a surface region and at
least a first edge region; and

alaser stripe overlying a portion of the surface region of the
substrate, the laser stripe characterized by a length in a
length direction, a first end, and a second, opposite end,
the length direction being substantially orthogonal to the
first edge region of the substrate, the laser stripe com-
prising:

an n-type cladding region overlying the surface region of
the substrate;

an active region overlying the n-type cladding region, the
active region comprising a quantum well structure or a
double hetero-structure; and

a p-type cladding region overlying the active region;

wherein the first end of the laser stripe comprises a first
etched facet, and the second end of the laser stripe com-
prises a second etched facet, the first etched facet having
a primary emission surface, the first etched facet being
substantially parallel to and recessed from the first edge
region of the substrate in the length direction by a length
ranging from about 0.5 pm to about 100 um, the first
etched facet including a first portion of the n-type clad-
ding region, and the first edge region including a second
portion of the n-type cladding region;

wherein the laser stripe is operable to emit electromagnetic
radiation at a wavelength ranging from about 425 nm to
about 485 nm or from about 500 nm to about 550 nm,
and wherein the first edge region of the substrate com-
prises a first surface-treated region configured to interact
with the electromagnetic radiation emitted by the laser
stripe and propagating in the substrate, the first surface-
treated region comprising one of a reflector, an absorber,
or a scatterer.

18. The laser diode device of claim 17, wherein the first

edge region is formed by a scribing-and-breaking process.

19. The laser diode device of claim 17, wherein the n-type
cladding region is substantially free from aluminum species.

20. The laser diode device of claim 17, wherein the p-type
cladding region is substantially free from aluminum species.

21. The laser diode device of claim 17, wherein the first
surface-treated region is formed by laser scribing.

22. The laser diode device of claim 17, wherein the surface
region of the substrate is characterized by one of a nonpolar
m-plane, a semipolar plane selected from a (30-3-1) plane, a
(30-31) plane, a (20-2-1) plane, a (20-21) plane, a (30-3-2)
plane, and a (30-32) plane, an offcut of the semipolar plane, or
an offcut of the nonpolar m-plane, wherein the offcut is
between -5 degrees and +5 degrees toward a c-plane, or
between -10 degrees and +10 degrees toward an a-plane.

23. The laser diode device of claim 17, wherein the first
surface-treated region is formed by a bar singulation process
using a laser apparatus operable at a wavelength ranging from
about 270 nm to about 370 nm.

24. The laser diode device of claim 17, wherein the first
surface-treated region includes the second portion of the
n-type cladding region.

25. Thelaser diode device of claim 17, wherein the surface-
treated region includes the entire first edge region of the
substrate.



